A unique disease entity called Very early onset inflammatory bowel disease [VEO-IBD] in which the affected patients show a complex genetic susceptibility. Various monogenic mutations which contribute to the pathogenesis of VEO-IBD have been attributed by gene sequencing techniques, including mutations in Interleukin 10 (IL-10) and Interleukin 10 receptor (IL-10R). The IL-10 pathway has an inhibitory effect on the release of several cytokines and hence, has an anti-inflammatory effect on the gastrointestinal tract. Among the reported patients with VEO-IBD in the world literature, mutations in the genes encoding for IL-10 and IL-10R have been detected. These patients present with symptoms of bloody diarrhea, significant weight loss, growth retardation and recurrent perianal abscesses, fistulas and fissures. Some patients may also have respiratory infections and folliculitis. As the therapeutic efficacy of immunosuppressive drugs is poor in these patients, it has been reported that allogenic hematopoetic stem cell transplantation (HSCT) can improve the symptoms significantly. However, in order to verify the efficacy and safety of this treatment, and the long term prognosis of VEO-IBD patients with IL-10/IL-10R mutations , further study and exploration is yet requires. In this article, we would conclude the importance for physicians to recognize the clinical phenotype of VEO-IBD and a mutational analysis of the IL-10/IL-10R can help in confirming the diagnosis and start early and effective treatment of this disease.
INTRODUCTION
Inflammatory bowel disease (IBD) comprises of a group of chronic disorders of the gastrointestinal disorders which includes ulcerative colitis (UC) and Crohn's disease (CD). There have been a wide variety of factors responsible for the pathogenesis of these disorders, which are yet to be clarified. However, many studies have revealed that a variety of environmental factors trigger the chronic inflammation of the gut in genetically susceptible individuals which lead to IBD. IBD with a disease onset before 6 years of age has been termed very early onset IBD (VEO-IBD). Whereas on one hand, exogenous environmental factors are considered to play a major role in adolescent-and adult-onset IBD, in VEO-IBD, on the other hand, genetic susceptibility is considered to play a major role in its pathogenesis [1] . GWAS (Genome wide association studies) have found out as many as 201 loci of gene mutations related to IBD [2] . Although GWAS can detect common genetic variants, it cannot identify low frequency monogenetic variants, which are more relevant to VEO-IBD [3] . These limitations of GWAS may be overcome by genetic linkage analysis and exome gene sequencing. By these new gene sequencing techniques, at-least 58 susceptible genes have been studied which have shown to be responsible for the pathogenesis of VEO-IBD [4] . Of all these susceptible genes, IL (Interleukin)-10 and IL-10R have been broadly studied and investigated. This article focusses on the review of the present literature on the mutations of IL-10 and IL-10R in the pathogenesis of VEO-IBD.
Physiology of IL-10 in the Gut
A very important anti-inflammatory cytokine, IL-10, is secreted by monocytes, macrophages, dendritic cells, mast Review Article cells, epithelial cells, T and B lymphocytes. It inhibits Tumor necrosis factor-alpha (TNF-α) release, and hence, maintains the immune homeostasis in the gastrointestinal tract [5] . IL-10 binds to its receptor, IL-10R. IL-10R is a tetrameric complex which consists of two alpha subunits of IL-10R1 that is encoded by IL-10RA; and two beta subunits of IL-10R2 encoded by IL-10RB [6] . IL-10R1 only binds IL-10 but IL-10R1 binds to other cytokines as well (IL-22, IL-26, IL-28, IL-29) [7] . When IL-10 binds with its receptor, it leads to the activation of Janus kinase 1 (JAK1) and tyrosine kinase 2 (Tyk2), which in turn leads to the phosphorylation of STAT-3 (signal transducer and activator of transcription 3), activation of the downstream target genes, and finally, the antiinflammatory effectors are expressed [8] .
IL-10 and IL-10R Mutations in VEO-IBD
The defects in the IL-10 and IL-10R signaling pathway can cause severe enterocolitis in humans [9] , which has been observed in some cases of VEO-IBD. Mutations in IL-10 and IL-10R genes can lead to disturbance in the anti-inflammatory response. About 60 cases and more of VEO-IBD are documented in the present literature after the initial report by Glocker et al in 2009 [10] . Majority of the cases have been reported from Europe in which it was noticed that IL-10R mutations were more predominant than mutations in IL-10. 22 cases have been reported in East Asia, of which 21 cases showed IL-10RA mutation with only 1 case showing IL-10RB mutation. This is a contrast to the European cases in which IL-10RA and IL-10RB mutations were almost equal [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] .
According to the available statistics, IBD accounts for approximately 20-25% of pediatric patients, with about 5% of patients being less than 10 years of age and 1% being less than 2 years old [1] . About 15% of the total pediatric IBD patients have been classified under VEO-IBD [27] . The Frequency of IL-10 and IL-10R mutations varied in the available cohort studies of VEO-IBD. Or example, in a report from the United Kingdom, 8.1% of IBD cases in patients below 2 years of age were confirmed to have mutations of IL-10 and IL-10R [28] . Similarly, a report from Germany sowed that 24.2% of IBD cases less than 5 years old were verified to have IL-10 or IL-10R mutations [13] . A report from the United States showed about 4.8% of IBD patients with IL-10 mutations [24] . In Asian countries, it was noticed that VEO-IBD cases have higher rate of mutations of IL-10/IL-10R. A report from Korea showed 50% of children below 1 year of age with IL-10RA mutations [20] . In a report by Xiao et al [27] from China, it was verified that 38.5% of IBD cases were due to IL-10RA / IL-10RB mutations. This strikingly high frequency of mutations may be due to the small cohort study with only 13 VEO-IBD cases. However, from this currently available data from the case reports suggests that the frequency of gene mutations of IL-10/IL-10R is not low. Yet, multi center studies are necessary to determine the role of genetic mutations of IL-10/IL-10R in the pathogenesis of VEO-IBD and to identify the definite clinical phenotype of the disease. This could be used as a screening tool to diagnose VEO-IBD patients with mutations in IL-10/IL-10R.
Clinical Presentation in case of VEO-IBD associated with IL-10/IL-10R Mutations
The clinical features of VEO-IBD are different compared to that of adult-onset IBD. VEO-IBD shows more resistance to immunosuppressive therapy and has as severe clinical course. VEO-IBD associated with mutations of IL-10/ IL-10R show an even more severe and complicated course of disease. These patients present with repeated episodes of bloody diarrhea, significant weight loss, growth retardation and recurrent perianal abscesses, fistulas and fissures [29] . Additionally, in patients with IL-10RB mutations which interrupts the binding between IL-10R1 and IL-22, results in the immune defects of the skin and lung epithelium due to IL-22 signal pathway abnormality, leads to folliculitis and refractory pneumonia [13, 25] .
Furthermore, this disease is also resistant to the various immunosuppressive drugs like corticosteroids, azathioprine, methotrexate and infliximab, either used as a single therapy or in combination. Treatment with these drugs results in either no improvement or only a mild improvement of the clinical features. Due to poor efficacy of treatment and drug resistance, some patients have undergone bowel resection and ileostomy or colostomy [22] . As a matter of fact that IL-10 has a predominant action on the immune and hematopoetic cells, an attempt has been made to use Allogenic Hematopoetic Stem Cell Transplantation (HSCT) as a curative therapy for patients of VEO-IBD with mutations of IL-10/IL-10R [10, 13, 17, 19, 23, 25, 30] . Though the initial results have supported the curative role of HSCT in VEO-IBD patients with IL-1O/IL-10R mutations, yet its experience is limited because it has been used only in a few number of patients with a short follow-up period. HSCT yet proves a promising therapeutic modality but more studies are necessary to confirm its efficacy and long term safety in VEO-IBD patients with mutations of IL-10/IL-10R.
CONCLUSION
Though VEO-IBD was considered a rare disease, it is noted to be more frequent and is considered as an emerging disease. This makes it important for the clinicians to detect the phenotype of gene mutations of IL-10/IL-10R causing VEO-IBD by gene analysis for a prompt diagnosis and effective treatment of these patients. Moreover, in patients who are resistant to the standard available therapy with immunosuppressive drugs, an alternative treatment option is the use of allogenic HSCT which may prove efficacious in a setting of a clinical trial.
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